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SECTION A 
Answer ALL SIX (6) questions 
Use a separate answer booklet for this section 
Suggested time 70 minutes 


QUESTION 1 


10 marks (10 minutes) 
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Figure 1. Relative male (a) and female (b) reproductive success of the yellow morph as a 
function of the relative frequency of the yellow morph in each array. Male reproductive 
success for a morph was quantified as the average proportion of pollinia removed from 
plants within each array (n = 5 to 45 plants) (e). Female reproductive success was 
measured as the average proportion of stigmas receiving pollen (#) and setting fruits (c) 
for plants within each array. Source: Gigord et al. 2001 PNAS 98:6253-6255. 


Figure 1, above, shows results of a study of fitness in a population of Dactylorhiza 
sambucina, a European orchid, with two main colour morphs (red and yellow). Answer the 
following questions: 


a) Does the figure indicate positive frequency-dependent selection or negative 
frequency-dependent selection? Explain your answer. 


b) In one population, the frequencies of the genotypes at the colour locus are 0.48 for 
the homozygous red genotype, 0.05 for the heterozygous pink genotype and 0.47 for 
the homozygous yellow genotype. Is the population at Hardy-Weinberg Equilibrium? 
Why/why not? 
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QUESTION 2 
10 marks (10 MINUTES) 


For two life history tradeoffs, explain how the Principle of Allocation influences each tradeoff. 


QUESTION 3 
10 marks (10 MINUTES) 


Describe the Red Queen Hypothesis and explain how you would test it in a species where 
sexual and asexual individuals vary in frequency among populations. 


QUESTION 4 
10 marks (10 MINUTES) 


Describe the Biological Species Concept, including its advantages, its limitations and why it 
focuses on reproductive isolation. 


QUESTION 5 
15 marks (15 MINUTES) 


A plant species is distributed on the slopes of two mountains and in the broad valley 
between them. During a period of climate warming, the valley floor becomes uninhabitable to 
the plant, but the populations persist on the mountains and undergo speciation (Phase 1). 
The climate cools again and the new species come into contact (Phase 2), but the only 
reproductive barrier between them is hybrid inviability, a postzygotic barrier. 


a) During which Phase has allopatric speciation occurred? Explain your answer. 

b) During Phase 2, what are the consequences of between-species pollination for the 
fitness of individual plants, compared with within-species pollination? Explain your 
answer. 

c) Which traits are likely to be favoured by selection in Phase 2? 


QUESTION 6 
15 marks (15 MINUTES) 


Colonisation of oceanic islands can promote adaptive radiations. 
a) What are the two criteria by which we recognize adaptive radiations? 
b) Explain the importance of character displacement in adaptive radiations. 
c) Explain why adaptive radiations are often associated with islands. 
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SECTION B 
Answer ALL TWO (2) questions 
Use a separate answer booklet for this section 
Suggested time 20 minutes 


QUESTION 7 
10 marks (10 minutes) 


Give an example of (i) mimicry in animals and (ii) mimicry in plants. Briefly describe the 
respective mimic-model system and the benefit(s) for the mimic. 


QUESTION 8 
10 marks (10 minutes) 


Describe the mechanisms involved in maintaining cooperative relationships between both 
related and unrelated individuals. Use empirical examples as necessary. 
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SECTION C 
Answer all THREE (3) questions 


Use a separate answer booklet for this section 
Suggested time 30 minutes 


QUESTION 9 
8 marks (8 minutes) 
Answer all eight (8) parts of this question: 


e In your answer booklet provide the question letter and the answer letter. 
e Use anew line for each answer, e.g. 9=B 
e lllegible or unclear answers will be counted as wrong. 


(a) Most species of the tree of life are: 
a. Extant 
b. Extinct 
(6) Two species with non-overlapping geographic distributions are described as : 
a. Allopatric 
b. Sympatric 


(c) Allopatric speciation where a species spreads over an existing barrier, giving rise to a 
new species, is driven by: 


a. Dispersal 
b. Vicariance 
(d) Reciprocal monophyly is same as: 
a. A synapomorphy 
b. Asister group relationship 
(e) A taxon is: 
a. Anamed taxonomic unit 
b. A group of species 
(f) Parsimony and maximum likelihood are two approaches to: 
a. Bayesian analysis 
b. Phylogenetic analysis 


(g) The persistence of a polymorphism through a speciation event, so that fixation occurs 
only in the descendant species, or in their descendants after subsequent speciation, 
is called 


a. Incomplete lineage sorting 
b. Horizontal transmission 


(h) The possession by two or more species of a similar or identical character state that 
has not been derived by both species from their common ancestor is: 


a. Homology 
b. Homoplasy 
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QUESTION 10 
12 marks (12 minutes) 
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Figure 2. Consensus phylogeny of major bamboo lineages based upon plastid 
(chloroplast) DNA sequences from five loci, based on Bayesian analysis. The topology is 
congruent with the maximum parsimony strict consensus and maximum likelihood 
topology topologies. Bayesian posterior probabilities are shown above branches. 
Maximum likelihood bootstrap values are listed first below each branch, followed by 
maximum parsimony bootstrap values. Paired dashes indicate support values below 50 
(bootstraps) or 0.5 (posterior probabilities). Source: Molecular Phylogenetics and 
Evolution. 67(2):404-413. doi:10.1016/j.ympev.2013.02.005 


e Based on the phylogenetic tree from Kelchner et a/. (2013; Figure 2), answer all six 
(6) parts of this question. 

e In your answer booklet provide the question letter and the answer letter. 

e Use anew line for each answer, e.g. 7=C 

e |llegible or unclear answers will be counted as wrong. 


vi. 
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The woody bamboos are: 
a) Monophyletic 
b) Non-monophyletic 
The outgroup, which includes the Pooideae and Ehrhartoideae groups, is 
a) monophyletic and therefore the best choice for this analysis 
b) monophyletic but that is of no importance in regard to questions about the ingroup 
c) not monophyletic and therefore not the best choice for this analysis 
d) not monophyletic but that is of no importance in regard to questions about the ingroup 


The herbaceous bamboos in the above phylogeny form how many strongly supported 
monophyletic clades? 


a) 1 


d) more than 10 

The sister clade of the of the herbaceous bamboos is: 

a) The palaeotropical woody bamboos 

b) The palaeotropical woody bamboos + the neotropical woody bamboos 
c) The neotropical woody bamboos 

d) The temperate woody bamboos 


The most recent common ancestor of Oxytenanthera abyssinica and Melocanna 
baccifera (in the palaeotropical woody clade) appears to give rise to three well-supported 
clades. This is called: 


a) A polytomy 

b) A monophyletic clade 

c) Aparaphyletic clade 

d) Aresolved node 

The least well resolved clade in the above tree is: 
a) The palaeotropical woody bamboos 

b 
Cc 
d 
e 


) The neotropical woody bamboos 
) The herbaceous bamboos 

) The temperate woody bamboos 
) 


The Pooideae 


QUESTION 11 


10 marks (10 minutes) 
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Figure. 3. Map showing distribution of Gymnoschoenus anceps (Western Australia) 
and G. sphaerocephalus (south-eastern Australia). From http://avh.ala.org.au/ 30 July 


2014. 


Given the distribution of collections of two sister species shown in Figure 3, use your 
knowledge of historical biogeography to develop two competing hypotheses to explain this 
pattern. Describe how you would test these hypotheses using two different approaches. 


Please remember - This examination paper MUST BE HANDED IN. Failure to do so 
WILL result in the cancellation of all marks for this examination. 
Writing your name and number on the front will help us confirm that your paper has been 


returned. 


